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JPL Translation No. 30 

ON THE IONOSPHERIC INTERPRETATION OF THE 
RESULTS OF RADIO OBSERVATIONS OF VENUS 

Part 1 ' 
A. D. Danilov, S. P. Yatsenko 

The ionosphere model appears to hold t h e  greatest 
promise for the explanation of t h e  data obtained by radio 
observations of Venus .  This paper considers t h e  primary 
difficulties associated with this hypothesis and the  possible 
techniques for overcoming these difficulties. The very 
high concentration of electrons i n  the V e n u s  atmosphere, 
which is required to account for t h e  radio observational 
data, may, in fact, exist if (1) radiative recombination is 
the recombining mechanism and(2) the same ionizing agent 
acts  in  the  night ionosphere of V e n u s  a s  acts  in the night 
ionosphere of the Earth. 

Agreement of the ionospheric hypothesis wi th  

data resulting from radar studies of V e n u s  can be obtained 
if the  radiation with C X  = 70 crn i s  reflected from the maxi- 
mum of t h e  electron concentration in the ionosphere while 
the radiation with c X =  10 and 40 cm i s  reflected from the 
surface of the planet. The high temperature of the  radio- 
frequency radiation of Venus i n  the centimeter band is 
explained by the high electron temperature of t h e  iono- 
sphere; the absence of an increase i n  temperature for t h e  
20-cm band is explained by the presence of an upper layer 
of lower temperature above the layer with the high electron 
temperature. 

~~ ~~ 

'Geomagnetizrn i Aeronomiya, V. 3, no. 4, pp. 585-593,  1963.  
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At  the present time there  i s  ex tens ive  d iscuss ion  (Ref. 1 - 6 )  of the ques t ion  of the  interpretation of 

t h e  high temperatures obtained during t h e  s tudy  of the radio-frequency radiation of Venus in the cent imeter  

a n d  millimeter bands. According t o  Mayer and o thers  (Ref. 7 ,  8), the  measurements  carried out a t  the  3- and 

10-cm wavelengths gave a radio-brightness temperature of Venus of the order of 600’K. The American in- 

ves t iga tors  (Ref .  9, 10) obtained a temperature of the order of 300-4Q0°K a t  the millimeter wavelengths .  

According to the data of Salomonovich and Kuz’min (Ref. 11 - 13), the temperature in the  millimeter band i s  

370 - 390’K, while, at the 9.6-cm wavelength, the mean temperature i s  about  690’K. 

There  a re  severa l  hypotheses  for the explanation of the high temperatures  obtained in the cent imeter  

band and,  a l s o ,  of the temperature d i f fe rences  a t  t h e  var ious wavelengths  noted above. 

One of the hypotheses  (Ref. 1, 14) a s s u m e s  that t h e  high temperature obtained in the centimeter band 

a p p l i e s  direct ly  to  the surface of Venus,  while the lower temperature of the microwave radiation i s  explained 

by  the  absorption of t h i s  radiation in the  colder  layers  of the  Venus atmosphere. However, the explanat ion 

for s u c h  a high temperature of the planet’s  surface meets  with s e r i o u s  diff icul t ies .  Since,  in  the a b s e n c e  of 

a n  atmosphere the surface temperature of  Venus  should be of the order of 250’K (Ref. 15), i t  i s  necessary  to 

pos tu la te  the presence of a s t rong ‘‘greenhouse effect” in t h e  lower layer  of the planet’s atmosphere. In 

order that the greenhouse effect  might c rea te  a sufficiently high temperature, according t o  Barrett (Ref. 3), i t  

i s  necessary  t o  assume a pressure  of 10 atm on the surface of Venus  and a water  content of over  3% in the  

atmosphere. T h e s e  conditions diverge qui te  a bit from those present ly  a c c e p t e d  for t h e  atmosphere of Venus  

( e . g .  Ref. 16, 17). 

Opik (Ref. 2) sugges ted  tha t  continuous strong dus t  s torms in  the lower layers  of t h e  atmosphere of 

Venus  might se rve  as  a possible  mechanism for caus ing  the heat ing of the  sur face  to  t h e  high temperatures  

noted. However, this hypothesis  a l s o  encounters  numerous diff icul t ies  (Ref. 18). 

Tolber t  and Straiton (Ref. 5) proposed the hypothesis  that the supercharging of drops in c louds  

s imilar  to  the rain clouds in the  Earth’s atmosphere may be respons ib le  for t h e  Venus  radio-frequency 

radiation. However, the essent ia l  diff icul ty  of t h i s  hypothes is  l i e s  in  the n e c e s s i t y  tha t  the c louds  c o n s i s t  

of mat ter  with a crystalline s t ructure  ra ther  than of water. 

J o n e s  (Ref. 4) sugges ted  that  the high radiation temperature of Venus  in the  cent imeter  band might 

be due  to  the ionosphere of t h e  planet ,  which, a t  the  same t ime,  i s  suff ic ient ly  t ransparent  so that  the 

radiat ion in the millimeter band, coming from the considerably colder  sur face ,  i s  able t o  p a s s  freely through it. 
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Similar i d e a s  have  been expressed  by Salomonovich and Kuz’min (Ref. 11). However, t h i s  hypothes is  postu-  

lates the ex is tence  on Venus  of  a d e n s e  atmosphere with a concentration of e l e c t r o n s  exceeding t h a t  i n  the  

2 3  Earth’s  ionosphere by a factor of 10 - 10 . 

Thus ,  a l l  the  hypotheses  for the explanat ion of the  high temperatures  obtained at the cent imeter  

wavelengths  encounter considerable  diff icul t ies .  On the other  hand, the n e c e s s i t y  for the  interpretation of 

the ava i lab le  d a t a  i s  obvious, and  t h i s  quest ion i s  a very urgent one a t  the  present  time. 

I t  appears  t h a t  the ionosphere hypothesis  i s  the most  promising for the  interpretation of the  d a t a  from 

the  radio observat ions of Venus. T h e  dynamics and  thermodynamics of the  lower layers  of the  Earth’s  

atmosphere have  received thorough s tudy,  and n o  real  surpr i ses  a re  expec ted  in  t h i s  area. However, the  

s tudy of t h e  ionosphere only really began with the  inception of rocket  technology. T h e  previous concepts  of 

t h e  morphology of t h e  Earth’s  ionosphere and of the physical  and  chemical  p r o c e s s e s  taking p l a c e  in i t ,  

obtained by the u s e  of only Earth-surface observat ions,  had  to be  reconsidered in  their  ent i re ty  (Ref. 19 - 21). 

A s  a resul t ,  d a t a  which had  been in conflict with the “c lass ica l”  concept  were found t o  have  s imple and  

natural explana t ions  in the l ight  of the new information. 

T h e  primary t a s k  of the present  invest igat ion i s  to  consider  the d i f f icu l t ies  a r i s ing  in  the at tempt  to  

apply the ionosphere hypothesis  t o  the explanation of the resu l t s  of the radio-frequency observa t ions  of 

Venus  a n d  to consider  the poss ib le  means  for overcoming t h e s e  diff icul t ies .  We did not s e t  ourse lves  t h e  t a s k  

o f  c rea t ing  t h e  most  probable, from the point of view of the  a c t u a l  phys ica l  condi t ions,  ionosphere model 

( th i s  w a s  done in  Ref. 22); rather, we have  considered only the quest ion of the  condi t ions under which the  

experimental d a t a  can b e  explained by the  ex is tence  of a n  ionosphere (if they can  be). 

1. F i r s t  of a l l  i t  i s  necessary  t o  es tab l i sh  in principle the  poss ib i l i ty  of the  ex is tence  of e lectron 

concentrat ions in  the  Venus atmosphere exceeding that in  t h e  Earth’s a tmosphere by two or three orders  of 

magnitude. From the elementary theory i t  i s  known that the concentrat ion of e lec t rons  in the ionosphere i s  

proportional t o  the square root of t h e  f lux of the  ionizing radiat ion and inversely proportional to  t h e  square  

root of the electron recombination coefficient. If the  electron concentrat ions in the atmospheres  of the two 

p l a n e t s  differ by two orders of magnitude, th i s  means that  e i ther  the i n t e n s i t i e s  of the ionizing radiatiori or 

the  electron recombination coeff ic ients  will differ by four orders  of magnitude. 

T h e  intensi ty  of the  so la r  ionizing ultraviolet radiat ion for two neighboring p lane ts  of the s o l a r  

sys tem cannot  differ strongly. T h e  so lar  radiation flux on  Venus i s  approximately twice as  la rge  as  t h a t  on 
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Earth.  The intensity of the corpuscular  flux i s  s t rongly dependent  on the magnitude of the magnetic field of 

the p lane t  and  on other factors ;  but, here again,  it  i s  not rea l i s t ic  t o  assume a difference of four orders  of 

magnitude. I t  i s  apparent t h a t  the solut ion of the problem must be looked for i n  the magnitude of the e lec t ron  

recombination coefficient. 

The recombination of i o n s  with e lec t rons  can  take p lace  i n  two ways: (1) the  molecular i o n s  re- 

combine i n  accordance with the d issoc ia t ive  recombination react ion 

XY+ + e + x + Y 

having a r a t e  coeff ic ient  of 

with the radiat ive recombination reaction 

- cm3 s e c - '  (Ref. 21); (2) the atomic i o n s  recombine in accordance  

having a r a t e  coefficient of the order of 

reac t ions  differ by 5-6 orders  of magnitude. Therefore ,  for a comparable intensi ty  of the ionizing radiation, 

the  difference in the electron concentration for the different p l a n e t s  could reach  three orders  of magnitude as  

a resu l t  of the difference i n  the  effect ive recombination coeff ic ients .  

cm3 s e c - l  (Ref. 23). Thus ,  the  ra te  coeff ic ients  of t h e s e  

The question of the magnitude of the electron recombination coefficient in t h e  Earth 's  atmosphere is 

present ly  receiving considerable  d iscuss ion  (Ref. 21). Experimental data obtained with t h e  a i d  of r o c k e t s  

and ar t i f ic ia l  sa te l l i t es  (Ref. 24- 27) indicate  the  presence  of large quant i t ies  of molecular  i o n s  in the  Ear th ' s  

ionosphere. Theoret ical  ca lcu la t ions  (Ref. 28-30) made on the b a s i s  of t h e s e  data indica te  tha t  the primary 

p r o c e s s  i n  the disappearance of i o n s  i s  d i ssoc ia t ive  recombination. The atomic i o n s  give up their  charge t o  

the  molecules  as a resu l t  of the  ion-exchange reac t ions  while  the  molecular  i o n s  formed l o s e  their  charge 

on recombining with the electron (Ref. 30). T h i s  conclusion i s  confirmed by a comparison of the  ver t ical  

prof i le  of the concentrat ions of the atomic and the  molecular  i o n s  (Ref. 31). 

At  present, there  a r e  n o  experimental d a t a  on  the ionosphere of Venus. In t h e  s tudy of Ref. 2, a 

model of the  Venus ionosphere w a s  constructed on the b a s i s  of the considerat ion of the recombination a n d  

ionizat ion p r o c e s s e s  as being s imilar  to the p r o c e s s e s  in  the Earth 's  atmosphere. Here i t  w a s  assumed that  

the Venus atmosphere c o n s i s t s  of C O ,  a t  all heights .  In t h i s  case, the atmosphere of Venus  conta ins  

molecular  i o n s  CO; and CO+ (Ref. 22) up t o  very high a l t i tudes ,  and the effect ive electron recombination 
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I 

coefficient i s  determined by the  d issoc ia t ive  recombination processes .  However, i t  i s  necessary  t o  consider  

the formation of  t h e  ionosphere under condi t ions i n  which t h e  ion-exchange p r o c e s s e s  and  d i s s o c i a t i v e  re- 

combination d o  not  play a s igni f icant  role. Such a situation might a r i s e  i f ,  beginning with a cer ta in  a l t i tude,  

the atmosphere of Venus cons is t s ,  a s  a resu l t  of dissociat ion,  of only neutral a toms and  atomic ions.  

There  i s  the second poss ib i l i ty  tha t  the  reaction of t h e  transformation of the  atomic i o n s  into 

molecular  i o n s  by means  of t h e  ion exchange with the C 0 2  molecules  may not  t a k e  p lace  a s  eff ic ient ly  as i s  

assumed in Ref. 22 by analogy with t h e  Earth's ionosphere. In both of t h e  c a s e s  considered,  the ef fec t ive  

recombination coefficient a' in  the ionosphere of Venus wil l  be determined by the  radiat ive recombination 

p r o c e s s e s  and wil l  be  of the order of lo-'' cm3 sec- ' .  I t  should be noted t h a t  in  t h e  work of J o n e s  (Ref. 4) 

mentioned previously,  t h i s  very va lue  of a' w a s  used,  although without any just i f icat ion.  A s  mentioned 

above,  the reduction of the  magnitude of the  effective recombination coefficient by 5-6 orders  of magnitude 

corresponds t o  an increase  i n  the  equilibrium electron concentration by 2 - 3  orders ,  and ,  therefore, for 

a' = 

by two to  three  orders  of magnitude. 

cm3 see- ' ,  the  e lectron concentrations in the  atmospheres  of Venus and the Earth must differ 

2. All t h e  ava i lab le  radio observat ion d a t a  relate t o  t h e  night s i d e  of Venus. Therefore, i t  i s  

n e c e s s a r y  to  es tab l i sh  the possibi l i ty  of t h e  exis tence of high electron concentrat ions in t h e  night  Venus  

atmosphere, keeping  in mind that  Venus d a y s  may be  much longer  than Earth days.  

L e t  u s  consider  t h e  night ionosphere of the Earth. In Ref. 32, i t  i s  shown tha t  the ex is tence  of the  

night ionizat ion a t  the  a l t i tudes  of t h e  F l ayer  and,  also, the ex is tence  of the ionosphere during t h e  polar  

night cannot  be explained without the hypothes is  of the presence  in the Earth 's  ionosphere of a n  ionizing 

agent  o ther  than the  so la r  radiation which a c t s  a t  night. According to  the  ca lcu la t ions  presented i n  Ref. 32, 

f l u x e s  of sof t  e lec t rons  a re  responsible  for the  ionization a t  the a l t i tudes  of t h e  F l ayer  a t  night. T h e s e  

ca lcu la t ions  resu l ted  in a number of recombinations in the  column of the  night ionosphere equal  to 

2 - 1 0 "  - 2.  10l1 recombinations/cm 

the daytime v a l u e s  for t h e  electron recombination coefficient a' taken in accordance  with Ref. 33. Since  t h e  

magnitude of t h i s  coefficient i n c r e a s e s  a t  night (Ref. 19) as a resul t  of the  experimentally determined 

i n c r e a s e  i n  t h e  proportion of t h e  molecular ions,  this es t imate  should b e  re-evaluated. Calcu la t ions  carried 

out with considerat ion for t h e  night-time i n c r e a s e  in  the effect ive recombination coefficient give a number 

of recombinat ions i n  the column of the Earth 's  atmosphere equal  to 10' ' - 10" recombinations/cm 

p o s s i b l e  v a l u e s  are given, j u s t  a s  in Ref. 32, s ince  there i s  an uncertainty in  the  value of t h e  magnitude of 

the  d i s s o c i a t i v e  recombination reaction coefficient which determines t h e  quantity a' .  

2 sec .  However, in the  calculat ion of t h i s  quantity, u s e  w a s  made of 

2 s e c .  Two 
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A s  indicated above, the  coefficient a' in  the  Venus atmosphere can  b e  of the order of cm3 

s e c -  '. Using  t h i s  value, the magnitude of the integral Jn; d z ,  es t imated  on the b a s i s  of the radio data, i s  

3 .  - 
Venus atmosphere equal  to 3 .  1OI2 - 1013 recombinations/cm s e c .  Thus ,  t h e  va lue  of the integral  

Ju' n e  dz required for t h e  interpretation of the radio observat ions i s  acceptab le  if it i s  assumed tha t  t h e  

s a m e  agent  a c t s  in the  night Venus  atmosphere as a c t s  i n  the  atmosphere of the  Earth. In order to  explain a 

certain dispar i ty  of the indicated magnitude of Ju' n: d z  obtained for the Earth a n d  tha t  necessary  for Venus,  

i t  must  b e  assumed tha t  the f lux  of t h i s  agent  in  t h e  Venus  atmosphere is severa l  t imes  greater  than in  the  

Earth atmosphere. T h i s  assumption i s  fully acceptab le  s i n c e  the  electron f luxes  may be strongly dependent ,  

e.g., on the  magnitude of the magnet ic  field of the planet. J o n e s  (Ref. 8,  for example, cons iders  as a p o s s i b l e  

agent  for  the  creation of the  ionosphere of Venus, f luxes  of protons which might be  suff ic ient ly  effect ive in 

the  planet ' s  atmosphere if i t s  magnetic f ie ld  amounts t o  about  1/30 of Earth's. T h e  quest ion of the 

magnitude of the  magnetic f ie ld  of Venus h a s  been considered theoret ical ly  in  Ref. 34, 35, where i t  i s  shown 

tha t  the magnetic field of Venus must b e  s ignif icant ly  weaker  than  the  magnet ic  f ie ld  of t h e  Earth. Pre-  

liminary da ta  obtained by t h e  American s p a c e  rocket  Mariner 2 also indicate  t h a t  the  magnet ic  field of Venus  

i s  very weak (Ref. 36). 

(Ref. 4, ll),  which l e a d s  to a total  number of recombinat ions in t h e  column of t h e  

2 

2 

From what we have s a i d  i t  fol lows that  the assumption of the  ex is tence  of high concentrat ions of 

e lec t rons  i n  t h e  night a tmosphere of Venus, necessary  for t h e  explanat ion of t h e  radio observat ional  d a t a ,  

may be  well founded under cer ta in  definite conditions (Ref. 6). 

3. Consider t h e  quest ion of the agreement of t h e  concept  of t h e  Venus ionosphere as a source  o f  

decimeter  wavelength radiat ion with t h e  d a t a  from the radar  s t u d i e s  of the  planet .  

If the optical t h i c k n e s s  of t h e  ionosphere of  Venus i s  suf f ic ien t  to give a high br ightness  temperature 

of the decimeter  radiation, then,  when Venus i s  illuminated with radar  energy, the  radio w a v e s  in  the  deci-  

meter band should be  strongly absorbed in  its ionosphere. At the same time, the  t ransparency of the ionosphere 

should d e c r e a s e  rapidly with a n  increase  i n  the wavelength. Hawever, experiments  on radar  illumination of 

Venus (Ref. 37 -40) give near ly  ident ical  reflection coef f ic ien ts  of  about  10 - 15% (Ref. 37) for wavelengths  

from 10 - 70 cm. 

L e t  us consider i n  greater  detai l  the quest ion of t h e  absorpt ion of radio w a v e s  i n  the ionosphere of 

Venus. 

6 



JPL Translation No. 30 

A, cm 

Transparency 

According to the ionospheric  interpretation of the experimental data (Ref. 8 -13), t h e  decimeter  

radio-frequency radiat ion from a sur face  with a brightness temperature of 300 - 400°K, on p a s s i n g  through 

the ionosphere,  i s  transformed into radio-frequency radiation with a temperature of 600 -80O0K. The higher  

the electron temperature i n  t h e  ionosphere,  the lower the opt ica l  t h i c k n e s s  required will be  for the  correspond- 

ing  increase  i n  the br ightness  temperature of t h e  radio-frequency radiat ion.  

10 40 70 

0.86 0.091 0.00075 

Figure  1 shows the variation of t h e  opt ical  th ickness  

0.7 

0.6 

n e c e s s a r y  t o  i n c r e a s e  t h e  radiation temperature from 300 - 800°K 

(upper curve) and from 400 -600'K (lower curve) with an i n c r e a s e  

in the  electron temperature of the  ionosphere T e .  I t  may be s e e n  

c from the  graph that, for a n  ionosphere electron temperature of 
0.5 

4QOO - 5000°K, an opt ical  t h i c k n e s s  of 0.075 i s  sufficient for the t- 
0.4} 

temperature r i s e  of in te res t  to  us. T h i s  magnitude of the electron 

temperature of t h e  Venus atmosphere i s  not unacceptable. 

Experimental d a t a  (Ref. 41) indicate  that  a t  a n  altitude of O ' T  0.2 

O.' L 150 - 200 km in the Earth 's  ionosphere, the electron temperature i s  

s ignif icant ly  higher  than the temperature of the  neutral atmosphere 
' 0  1000 2000 3000 4000 5000 

and r e a c h e s  2800OK. According t o  the calculat ions of Gurevich and G , O K  

T s e d i l i n a  (Ref .  42), the  temperature of t h e  e lec t rons  in the  Earth 's  

ionosphere may r i s e  t o  10,00O0K and higher in the presence of 

e lec t ros ta t ic  f i e l d s  with potent ia l  of not less than 0.002 mv/m. T h e  e x i s t e n c e  of e lec t ros ta t ic  f ie lds  in  the  

Earth's ionosphere h a s  been determined experimentally (Ref. 43). 

Fig.  1 

So, l e t  us assume t h a t  for radiation with a wavelength of 10 cm, the opt ica l  t h i c k n e s s  of t h e  

ionosphere i s  0.075. In ref lect ing from the surface,  the radio waves  p a s s  through t h e  planetary atmosphere 

twice. With a change in  t h e  frequency of the radiation, the opt ical  t h i c k n e s s  i n c r e a s e s  i n  proportion to t h e  

square of the wavelength. T h e  transparency of t h e  ionosphere with doubled opt ica l  t h i c k n e s s  for t h e  wave- 

lengths  used  in  the radar  s tudy i s :  
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Thus ,  the radio w a v e s  with lengths  of  10 and 40 cm a r e  a b l e  t o  p a s s  twice  through t h e  ionosphere 

but the 70-cm waves a r e  pract ical ly  completely absorbed in  t h e  second passage .  If, however, we  a s s u m e  t h a t  

t h e s e  waves  a r e  ref lected from the  ionosphere i n  the vicini ty  of the maximum electron concentration, then,  

for an approximately symmetrical ionosphere layer ,  their  reflection coeff ic ient  amounts  to  about  3%, which 

i s  qui te  c l o s e  to  the experimental value ( s e e  above). 

For the  c a s e  of  ref lect ion of  the 70-cm w a v e s  from the ionosphere, the  radar  illumination at t h e s e  

wavelengths  should g ive  a ref lect ion coeff ic ient  of the order  of 3%. T h e  40-cm wavelengths  g ive  approximate- 

ly  t h e  same coefficient for total  reflection from the sur face  taking in to  account  for the absorpt ion in  t h e  

ionosphere. A s  for the 10-cm wavelengths ,  they are ,  for all prac t ica l  purposes ,  not absorbed i n  the ionosphere 

at all. In order to reconci le  t h e  ionosphere hypothes is  with the  experimental resu l t s ,  i t  i s  n e c e s s a r y  to  

assume tha t  the  sur face  of Venus, or t h e  cloud layer ,  absorbs  the  10-cm waves  much more s t rongly than the 

40-cm waves. T h i s  may occur, for example, in  the c a s e  i n  which there  a r e  nonuniformities with d imens ions  of 

the order of 10 cm on the reflecting surface.  

4. We assumed above tha t  the radiation with a wavelength of 70 cm i s  ref lected from the  ionosphere.  

In order  t h a t  t h i s  reflection may take p lace ,  the  maximum electron concentration must  be not  less  than 

2 - 3 - lo9 

hypothesis ,  i t  i s  necessary  to assume tha t  for Venus, 1.2 dz = 

pract ical ly  independent of the assumed temperature of the ionosphere s ince ,  with an i n c r e a s e  in  temperature, 

the t ransparency of t h e  ionosphere layer  increases . )  Consider  t h e  condi t ions under which t h e  ind ica ted  

quant i t ies  c a n  b e  reconciled. 

At t h e  s a m e  time, i n  order to  explain t h e  radio observat ional  da ta  using the  ionosphere 

cm-’ ( s e e  above). ( T h i s  es t imate  i s  

2 T h e  question of  the  maximum electron concentrat ion for a given va lue  of In, dz r e d u c e s  to  t h e  

quest ion of the al t i tude distribution of the  electrons.  Observa t ions  on rocke ts  and ar t i f ic ia l  s a t e l l i t e s  

(Ref. 44) ind ica te  that  in  the  Earth’s ionosphere the a l t i tude  variation of the electron concentrat ion d o e s  

not sa t i s fy  the  theory of the  simple Chapman Layer .  A s  shown i n  Ref. 31, the primary c a u s e  of t h i s  i s  t h e  

ion-exchange reac t ions  which determine t h e  recombination p r o c e s s e s  i n  t h e  Earth’s ionosphere. T h e  a l t i tude  

distribution of the  concentration of t h e  molecular ions ,  which l o s e  their  charge by m e a n s  of d i rec t  re- 

combination with electrons,  i s  not i n  contradiction with the s imple layer  theory. In addi t ion,  for  a l t i t u d e s  

below t h e  F layer ,  the non-monochromaticity of t h e  ionizing radiation (Ref. 19) i s  s ignif icant ,  and t h i s  may 

a l s o  l e a d  to deviations of t h e  a c t u a l  distribution of the  ion  and electron concentrat ions from the s imple  layer  

theory. 
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In the  c a s e  of Venus,  the ionosphere hypothesis, as indica ted  above, i s  appl icable  for the interpre- 

tation of t h e  radio observat ions only under the condition t h a t  there  a r e  no ion-exchange reac t ions  i n  t h e  

p lane t ' s  ionosphere. In addition, we are considering the night ionosphere,  whose ionization i s  produced 

primarily by corpusc les  which, in the f i r s t  approximation, may be  considered t o  be  monochromatic agents .  

Therefore ,  in  the c a s e  of in te res t  to us ,  the  al t i tude distribution of t h e  electron concentrat ions c a n  b e  con- 

s idered  from the point  of view of t h e  simple Chapman Layer .  

A simple calculat ion ind ica tes  tha t  if Jnq dz = lo2' and  the a l t i tude  dis t r ibut ion of t h e  electron 

concentrat ion s a t i s f i e s  the s imple  layer  theory, t h e  maximum concentration of e lectrons will e x c e e d  t h e  

quantity 2 -  lo9 cm-3 for a height  of the uniform atmosphere H of about 7 km. Sagan (Ref. l ) ,  on the  b a s i s  of 

observat ions,  cons iders  tha t  the ionosphere of Venus b e g i n s  a t  a n  a l t i tude  of the  order of 70 km above  t h e  

layer  clouds. From observat ions of the occul ta t ion of Regulus by Venus,  a height  of the  uniform atmosphere 

equal  to  6.8 km h a s  been obtained (Ref. 45). I t  i s  necessary to note  t h a t  deviat ion from the  condi t ions 

assumed i n  t h e  s imple layer  theory l e a d s  to an increase i n  the t h i c k n e s s  of the  ionosphere layer  and conse-  

quently to a decrease  in  n:ax. Thus ,  the reflection of t h e  70-cm radio w a v e s  from the ionosphere of Venus  

i s  on the  borderline of the  admissible  conditions. 

However, i t  should  b e  noted that a layer  of metal ions (Ref. 46) i s  observed i n  the  ionosphere of t h e  

Earth a t  a l t i tudes  of 100-105 km, which i s  significantly narrower than t h a t  corresponding to  t h e  Chapman 

Layer .  T h e  poss ib i l i ty  t h a t  s imilar  thin layers  with high e lec t ron  concentrat ions may be  observed  in t h e  

ionosphere of Venus h a s  not been  eliminated. 

5. A s  we h a v e  mentioned, i t  i s  necessary  to assume t h a t  the  electron temperature of t h e  ionosphere 

of Venus i s  s ignif icant ly  higher than the observed radio-brightness temperature for the  small  ( a t  A= 10 cm) 

opt ica l  t h i c k n e s s  of  t h e  ionosphere i n  order to  reconcile t h e  r e s u l t s  of the  radio observat ions and t h e  radar  

illumination d a t a  on Venus. T h e  opt ical  th ickness  of the  ionosphere i s  proportional t o  the square  of t h e  

wavelength and therefore, in  the  c a s e  being considered, the  radio-brightness temperature at t h e  20- and 30-cm 

wavelengths  should b e  considerably higher than at  the 10-cm wavelength. 

Curve 1 of Fig.  2 shows the variafior! of the br ightness  temperature T h r  as  a function of the opt ical  

t h i c k n e s s  for Tsurface = 400'K and T e  = 5000'K. According to t h e  experimental resu l t s ,  t h e  br ightness  

temperature of the 10-cm wavelength radiation fa l l s  in the range  from 600 - 700'K. T h e  interval  

0.05 < r s  0.085 of curve 1 of Fig. 2 corresponds to t h i s  range of temperatures. A s  indicated previously,  

s u c h  a va lue  of the  opt ical  th ickness  of the ionosphere T~ may under certain def ini te  assumpt ions  be  

9 
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reconci led with the radar  observat ional  data. For the  

20-cm wavelength, the opt ical  th ickness  wil l  b e  four 

t imes as large: 0.20 5 720 5 0.34, and the br ightness  

temperature will correspondingly fal l  in t h e  range  

1240OK L Tbr 

corresponding values  a r e  0.45 5 T~~ 5 0.765 and 

2080'K 5 T b r  1. 2870OK. Such a large increase  of 

temperature with wavelength could not remain unnoticed. 

However, experiments (Ref. 47) have not  d i sc losed  any 

not iceable  r i s e  in  temperature of the 20-cm radiation 

in  comparison with the 10-cm radiation. I s  i t  p o s s i b l e  

t h a t  the var ia t ion of T b r  with wavelength follows 

some other  pat tern? 

1760OK. F o r  X = 30 cm, the  

I t  h a s  been mentioned ear l ier  tha t  a t  a l t i tudes  

of 150 - 250 km in the Ear th ' s  ionosphere, the  electron 

4000 

3000 

Y 

i 2000 
P 

1000 

400 

0 

temperature i s  much higher than the  temperature of the  neutral atmosphere and r e a c h e s  2800'K (Ref. 41). At 

the same t ime,  according to  theoret ical  and experimental d a t a  (Ref. a), in the upper portion of the F l ayer  

there  i s  thermal equilibrium between the e lec t rons  and t h e  neutral  par t ic les  and the temperature of t h e  

ionosphere amounts to about 1OOOOK a t  night and 1600- 1800'K i n  the daytime. T h i s  i n d i c a t e s  tha t  there  i s  

a colder layer  in the Earth 's  atmosphere above the  layer  having t h e  high electron temperature. 

Assume that the  same s i tuat ion h o l d s  on Venus. Assume that  there  a r e  two l a y e r s  in the  ionosphere 

of Venus: a lower layer  with the  opt ical  th ickness  r1 and  t e m p e r a t u r e  T ,  and a n  upper  cooler  layer  with 

opt ica l  t h i c k n e s s  r, and temperature T,. Curve 2 of Fig. 2 p r e s e n t s  t h e  variation of T b r  with 7 for 

Tsur face  = 400, T ,  = 5000, T, = 600°K, r2 = 271. We not ice  t h a t  curve 2 i s  considerably f la t ter  in  com- 

par ison with curve 1, and,  in  the interval of in te res t  t o  us ,  d o e s  not r i s e  above 12009 T h u s ,  i f  in t h e  

ionosphere of Venus the  temperature above a certain leve l  d e c r e a s e s  with height, then t h e  variation of t h e  

radiation temperature with 7 should be  s ignif icant ly  weaker  than for the case with a uniform electron 

temperature a t  a l l  altitudes. 

6. F igure  3 presents  the ava i lab le  d a t a  on  t h e  radio-frequency radiat ion of Venus. T h e  ver t ical  

l i n e s  ind ica te  the  accuracy of the corresponding experimental data  and the  so l id  l i n e s  represent  the 

I '  
I1 
) I  I I I 

O b  I .o 1.5 

r 

Fig.  2. 
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1 
I 

~ theoret ical  radiation spectrum obtained on the assumption 1000. 

that  (1) a n  ionosphere i s  respons ib le  for the radio-frequency 

rad iadon of the planet  a t  wavelengths  above 3 cm, and 

1 
I , 900 ’ 

I 000 I 
I 

I 
that  (2) the ionosphere c o n s i s t s  of two layers  with 700 

Y 
temperatures  of 5000 and 600°K, respect ively,  with the 

opt ical  t h i c k n e s s  of t h e  upper layer  twice  that  of the 

lower layer  and with Jn dz = lo2’ cm-’. The two 

curves  correspond to two different v a l u e s  of T b r  at  

the 10-cm wavelength. 

600 
t? 

500 
2 

400 

300 

A s  s e e n  from the plot, the  theoret ical  

~ 
temperatures  differ somewhat from the experimental 

I d a t a  for the 3- and 21-cm wavelengths .  T h i s  difference, 

20?!, I 0 I 2 

log A,  c m  

Fig. 3. 

in our opinion, i s  not such  a categorical  difference that i t  would be n e c e s s a r y  to d iscard  ent i re ly  t h e  model 

I being considered or to g ive  a negat ive  answer  to t h e  question of t h e  poss ib i l i ty  of the ionospheric  inter- 

pretation of t h e  radio observat ions of  Venus. It i s  necessary t o  k e e p  i n  mind tha t  at the 3.15-cm wavelength,  
I 

a temperature of the  order of 370°K h a s  been  obtained by extrapolation to the inferior conjunction (Ref. 11) 

while the  measurement a t  the 21-cm wavelength i s  s t i l l  a s ing le  i so la ted  measurement of low accuracy.  A t  

the same time, i t  i s  necessary  to note  t h a t  the curves presented  i n  F ig .  3 a r e  the  b e s t  approximation t o  the 

experimental da ta  p o s s i b l e  within the framework of the hypothes is  under consideration. Analys is  s h o w s  

that  there i s  no combination of opt ical  t h i c k n e s s e s  and temperatures  of t h e  two layers  which can g ive  a 

f la t ter  shape  to the curves  of F ig .  3 if we s ta r t  from the assumption t h a t  for the 10-cm wavelength w e  must  

have 7 < 0.1 and T b r  > 500OK. 

I 
I 

, 

T h e  following conclusions may be drawn from th is  ana lys i s :  

1. If in  the ionosphere of Venus, in contrast with the s i tua t ion  in the ionosphere of the Earth,  the  

radiat ive recombination of the  atomic ions  i s  the primary recombinational process ,  then the equilibrium 

concentrat ions of  e lec t rons  in the  Venus ionosphere may reach qui te  high v a l u e s  ( Ine  dz = 2 cm-’). 

2. Data on the natural radio-frequency radiation of Venus  can be reconci led with t h e  radar  illumi- 

nation d a t a  for the  lo-, 40-, and 70-cm wavelengths  if t h e  70-cm radiation i s  ref lected from the  ionospheric  

layer ,  the 40-cm radiation i s  wholly ref lected from the sur face  and i s  absorbed in  the ionosphere,  while  t h e  

10-cm radiat ion i s  par t ia l ly  absorbed during reflection from the sur face  of the planet. 
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2 3. For the  given va lue  of Jne d z  = 

ionosphere of Venus may reach  the  va lue  of 2 .  lo9 

wavelength only under t h e  condition tha t  the  height of t h e  uniform atmosphere n e a r  the peak electron con- 

centrat ion i s  no greater than 7 km. 

the maximum concentrat ion of e lec t rons  i n  the  

which i s  necessary  for the reflection of the  70-cm 

4. If we  try to explain the  high temperature of the  natural radiat ion of Venus at the  IO-cm wavelength 

by t h e  “heating” in the ionosphere of the radiation from the planet’s surface,  then,  for t h e  radiation with 

wavelengths  of 20 and 30 cm, high temperatures  of t h e  order of 200O0K a r e  obtained which a r e  not ac tua l ly  

observed.  Such a sharp r i s e  i n  the radiat ion br ightness  temperature might not be observed if there  i s  a cooler 

layer  in  the  ionosphere of Venus,  with lower electron temperature above the l a y e r  having t h e  high electron 

temperature. 

Thus ,  a t  the present  time, there a r e  n o  experimental d a t a  which categorical ly  refute the ionosphere 

hypothes is  as a possible  explanat ion for the radio-frequency radiat ion of Venus. However, to  obtain ful ler  

agreement of the theoret ical  distribution of temperature with the  experimental d a t a ,  we  may consider  severa l  

other  poss ib i l i t i es  associated with the  ionosphere hypothesis ,  e.g., t h e  presence  of ionospheric  holes .  T h e  

second par t  of the  present invest igat ion will be  devoted to t h i s  quest ion.  
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